The aim of our study was to identify the most suitable flotation solution and effective preservation method for the examination of equine faeces samples using the FLOTAC technique. Samples from naturally infected horses were transported to the laboratory and analysed accordingly. The sample from each horse was homogenized and divided into four parts: one was frozen, another two were preserved in different reagents such as sodium acetate-acetic-acid-formalin(SAF) or 5% formalin. The last part was examined as a fresh sample in three different flotation solutions (Sheather´s solution, sodium chloride and sodium nitrate solution, all with a specific gravity 1.200). The preserved samples were examined in the period from 14 to 21days after collection. According to our results, the sucrose solution was the most suitable flotation solution for fresh samples (small strongyle egg per gram was 706 compared to 360 in sodium chlorid and 507 in sodium nitrate) and the sodium nitrate solution was the most efficient for the preserved samples (egg per gram was 382 compared to 295 in salt solution and 305 in sucrose solution). Freezing appears to be the most effective method of sample preservation, resulting in minimal damage to fragile strongyle eggs and therefore it is the most simple and effective preservation method for the examination of large numbers of faecal samples without the necessity of examining them all within 48 hours of collection. Deep freezing as a preservation method for equine faeces samples has not, according to our knowledge, been yet published.
INTRODUCTION
The FLOTAC technique was developed as a new multivalent copromicroscopic technique for veterinarians and was then adapted for human parasitology (1) . The apparatus, three FLOTAC techniques and types of reagents are described in detail elsewhere (2) . The FLOTAC technique allows quantification of eggs and larvae of nematodes, trematodes and cysts or oocysts of intestinal protozoa in as little as 1 gram of faeces.
Many papers have compared the FLOTAC technique with the standard Kato-Katz (3) (4) (5) and the ether concentration method used in human parasitology. The FLOTAC technique has superior diagnostic sensitivity when compared to multiple Kato-Katz thick smears and to the ether concentration method (2, 6) , especially for samples with a lower EPG (eggs per gram) content.
FLOTAC techniques have also been successfully used for the diagnosis of Aelurostrongylus abstrusus larvae in cats (7) , Crenosoma vulpis (8) , Ancylostoma caninum (9) , Angiostrongylus vasorum (10) in canine faecal samples and Dicrocoelium dendriticum (11) in sheep, as well as produced promising results for the diagnosis of pinworm in rabbits (12) and whipworm infection in simians (13) .
Many factors may influence the performance of FLOTAC such as parasitic elements, flotation solutions and different methods of faecal preservation. Several preservation methods including freezing, 10% and 5% formalin, modified PVA (polyvinylchloride alcohol) and special commercial reagents such as SAF (sodium acetateacetic acid formalin), Ecofix, Parasafe, Proto-fix, STF (streck tissue fixative) are used in parasitology (14) . The majority of published articles describe preservation with formalin or SAF rather than freezing which can damage fragile eggs.
Experience has shown that the use of fresh faeces produces the most accurate results, but FLOTAC techniques can be performed on faeces stored for 1-3 days at 4°C and on preserved faecal samples stored in 5 or 10% formalin or SAF for several weeks or months (1) . Five percent formalin produced more accurate results than other faecal preservatives (1) . Sheather´s solution, saturated sodium chloride, sodium nitrate (NaNO 3 ) and Rinaldi´s solution (sucrose and potassium iodomercurate) were recommended in Cringoli's article for the assessment of common intestinal parasites in horses.
MATERIAL AND METHODS
Based on our previous screening of several farms in South Moravia, the selection of a proper breeding farm for this study was made according to the number of horses available, good cooperation with owners, more than 200 egg per gram (EPG) count for strongyles by McMaster and the anticipated occurrence of Parascaris equorum in young horses. Twenty naturally infected horses were included in the study. The young horses were pastured together, whereas the adults were stabled in individual boxes and weanlings were group housed.
Twenty fresh samples were collected in January 2012 (17 samples from adults and three from weanlings born the previous spring). Each sample was individually packed and numbered. Samples were immediately transported to the laboratory where they were homogenized using a manual mixing from a larger faecal sample, weighed and either prepared for immediate use, or preserved by freezing or placed in an appropriate reagent. For preservation by freezing, 10 g were removed and placed in plastic tubes in a deep freezer (-80°C). Samples which were intended for preservation in different reagents (SAF or 5% formalin), one gram was removed and added to 10 ml of the preservative solution. Tubes with samples preserved in reagent were stored in a fridge (4°C) for period 14 to 21 days before examination.
The three flotation solutions (Sheather´s solution, sodium chloride and sodium nitrate, all with specific gravity 1.200) selected for use in our study were the most efficient according to a previous study of strongyle, Parascaris equorum and Anoplocehpala perfoliata egg detection in horses. They were prepared using the standard methods (1). Sodium chloride solution was identified as the least suitable for the fresh samples as it gave the lowest EPG count and therefore was eliminated from further processing. The remaining two flotation solutions (Sheather´s and sodium nitrate) were used for examination of preserved samples.
Fresh, defrosted (in laboratory temperature 20 °C) and reagent preserved samples were placed in the FLOTAC ® which permits a maximum magnification of 400. The FLOTAC double technique which is based on simultaneous examination of two different faecal samples from two different hosts using a single FLOTAC apparatus was used (1).
Statistical analysis
A linear regression model was selected to assess any relationship within the data due to the low number of samples and character of the data. Initially a suitable method had to be chosen to modify the data prior to the use of the linear regression model. This was carried out in accordance with the principle "round-robin" and by obtaining comparative data. This method was based on descriptive statistics and correlation coefficients. Subsequently, metric values were used to compare the different flotac media and to indentify the most suitable.
The input data consisted of twenty independent samples in four separate files (a separate file for fresh samples, frozen samples and samples preserved in 5% formalin or SAF). Each of these files contained a triplet of independent measurements for every sample which differed only in the reagent used. Files for 5% formalin and SAF preservation contained only data recorded using the sodium nitrate or Sheather´s flotation solutions.
RESULTS

Examination of fresh samples
All the faeces samples were positive for strongyle eggs and three samples (13, 14, 15) Preserved samples A higher strongyle EPG value was found in samples preserved in 5% formalin and floated in a sodium nitrate solution (15 cases, 75%) than in Sheather's solution (only five cases, 25%). From the samples which had been preserved in a SAF reagent, 7 (37%) had a higher EPG in a sodium nitrate solution. In ten samples (50%), the results from both solutions (sodium nitrate and Sheather´s) were comparable.
from -80°C and in each of the different flotation solutions showed a higher faecal egg count when compared with those from the two preservation reagents. In seven cases (35 %) the values of EPG were higher than from fresh samples in sodium nitrate solution and in three cases (15%) higher than those in fresh samples floated in Sheather´s solution.
Eggs of Parascaris equorum were least visible after preservation in SAF, while after freezing and preservation in 5% formalin, the number of eggs had decreased to approximately one third of that in the fresh samples floated in Sheather´s solution. When samples were floated in sodium nitrate solution, the 
Flotation reagent
Sodium nitrate was shown to be the most suitable flotation reagent for preserved samples. Values of small strongyle EPG were higher than in the Sheather´s solution for all methods of preservation, not only with respect to the average and median values, but also for the maximum and minimum values.
Comparison
The most suitable preservation method in our study appeared to be freezing. Samples defrosted EPG value for Parascaris equorum eggs showed no correlation with fresh, frozen or samples preserved in 5% formalin (Table 1) .
Summary
Descriptive statistic analysis of this data, i.e. average, variance, median, minimum and maximum values are contained in Table 2 for each flotation solution and for each preservation method.
The average value of recorded eggs in the file for fresh samples could be considered as the natural base for distinguishing the capability of flotation solutions, but only with the assumption that data from one sample had the same EPG value in all three fl otation solutions. The presumption is unrealistic because of the relatively uneven distribution of eggs in a sample and therefore the frequency is affected by the location in the faeces. The different input information produces significant errors and makes direct comparison of results impossible without previous modification. We tried to limit this problem by using homogenization.
It is possible to assess if there is any relationship between flotation solutions within one preservation method according to the correlation matrix ( Table 2) . Correlation coefficients for different preservation methods for the same flotation solution did not indicate any linear relationship. Relative dispersion of EPG in fresh, frozen and preserved samples is described by the coefficient of variation in Figure 1 .
DISCUSSION
The aims of this study were to identify the most efficient flotation solution for quantifying equine parasites using the FLOTAC technique; to identify the most suitable method for preservation of samples and to investigate whether the results obtained from different methods are comparable. We attempted to compare the flotac solutions recommended in the literature (1). Previously we have used a saturated sodium chloride solution and our results for EPG in fresh samples did not indicate any correlation between FLOTAC and McMaster. It is known that there is some interaction between the flotation According to our results the most efficient reagent for fresh samples was Sheather's solution with regards to strongyle eggs. Values of EPG for Parascaris equorum were comparable in all three reagents. Another publication presented sodium chloride and Rinaldi´s solutions as the most efficient for strongyles, sodium nitrate and Rinaldi´s solution for Parascaris equorum and sucrose solution for Anoplocephala spp. (1). Our results were different as we obtained the lowest faecal count for strongyle eggs from sodium chloride solution. Rinaldi´s solution is based on the use of mercury iodide which is toxic and dangerous for the environment and therefore a safety cabinet must be used and special waste control is required (1). This was the reason for replacing it with different flotation solutions in our study.
It is interesting that Sheather´s solution seemed to be most efficient for fresh samples, but with preserved samples it showed a lower EPG than the sodium nitrate solution. The most suitable flotation solution for preserved samples was sodium nitrate with no difference in preservation methods used. Another advantage when examining frozen samples was that most of the strongyle eggs had not been destroyed in contrast to the situation with the preservation methods. This result is in contrast to other studies performed on sheep, where the majority of Haemonchus contortus eggs were damaged and EPG decreased after freezing (-10 °C and -170 °C in liquid nitrogen) for seven days (15) .
EPG of Ostertagia circumcincta decreased after freezing in -10 °C (16).
Our results showed that SAF is not a suitable preservation reagent for equine faecal samples as indicated by the lowest strongyle EPG and Parascaris equorum egg values.
We tried to identify the most suitable preservation method for equine faecal samples as we were not aware of any previous publications on this topic. It is known that strongyles eggs are very fragile and should be examined within 48 hours of collection after being stored at fridge temperatures (17) . This could be a problem when there are many samples from numerous herds. We tried various conservation methods which are used in human parasitology, such as freezing, preservation in formalin and SAF. Preservation in 5% formalin produced more accurate results than other preservation methods (1) . In general, it is advisable not to freeze faecal samples.
The latter paper showed that dog faecal samples preserved in 5% formalin had a higher value of EPG when compared to those preserved in 10% formalin, SAF or frozen (9) . A short communication (18) on the diagnosis of lungworm (Dictyocaulus filaria, Muellerius capillaris, Protostrongylus rufescens) in sheep using the FLOTAC apparatus reported that the highest faecal count was from samples preserved in 5% formalin when compared with data from fresh samples and those preserved in 10% formalin or frozen. The results from our study indicate that samples preserved in 5% formalin were very variable in both flotation solutions and in only one case EPG was higher than in a fresh sample.
Our results were unexpected because, in our study, freezing seemed to be the best preservation method for equine faecal samples in comparison with preservation in 5% formalin or SAF. We anticipated that conditions of -80˚C would destroy most of the strongyle eggs and that the remaining eggs would be damaged. However, in defrosted samples, a minimum number of strongyle eggs were destroyed and a high EPG value was recorded in 10 out of 40 samples, the EPG count being higher than in fresh samples. This appears paradoxical but may be explained by the high aggregation of helminth eggs in faecal samples. To minimize the unequal distribution of eggs in faeces, careful homogenization of the samples is recommended. The finding that strongyle eggs "survive" such low temperatures is of great concern when considering the possibilities for elimination of strongyle eggs on grazing land. Further studies are required to discover if these "surviving" strongyle eggs would in fact be infective. An egg hatch assay would be useful.
CONCLUSION
Our study showed that the most suitable flotation solution for equine faecal samples seems to be Sheather's solution for fresh samples, but NaNO 3 for preserved samples. The most efficient preservation method according to our results was freezing.
